Some recently synthesized benzanthrone derivatives bearing azomethine and oxy groups at C-3 po sition have been systematically studied. The influence of the substituents and of the environment (iso tropic and anisotropic media) on the absorption and fluorescence of the dyes and their vibronic transi tions is discussed in this paper.
Introduction Experimental
Derivatives of 3-amino-and 3-oxybenzanthrone ex hibit, both in solution and in the solid state, bright yellow-green or orange-red fluorescence depending on their chemical structure [1] . Because of their excellent colour characteristics and high photostability, the dyes are of wide practical interest for a variety of applications as daylight fluorescent pigments [2] , disperse dyes for polyester fibres [3] , for chemical coloration and photo stabilization of polymeric materials [4] , and also as la ser dyes [5] .
Recently, it has been shown that benzanthrone dyes can also be appropriate components in "guest-host" liq uid-crystal (LC) systems for electro-optic displays [6, 7] . In a "guest-host" LC display, a dichroic dye (guest) is dissolved in a nematic liquid crystalline host which acts as anisotropic matrix orienting the dye mole cules under electric voltage, thus causing selective ab sorption by the dyes [8] .
In this paper we report the spectral properties of re cently synthesized 3-azomethine and 3-oxy benzan throne derivatives measured in isotropic and anisotrop ic media, with accent on their potential use in "guesthost" systems for LC displays. Essentially, the influence of the substituents and of the media including LC and polymer films upon the absorption and fluorescence properties of the dyes and their vibronic transitions has been studied.
The dyes under study have the following general for mula: R R = -N H 2 (1) -N = C H -C 6H5 (2) -N = C H -C 6H4OH-o (3) -N = C H -C 6H4OH-p (4) -N = C H -C 6H4N(CH3)2-p (5) -O CH 3 (6) -O CH 2CH2OCH3
(7) -O C 6H5.
Their synthesis has recently been described [7, 9] . The electronic spectra of the dyes in various media including isotropic solvents, LC and polystyrene (PS) films were recorded on a Specord M42 spectrometer with 2 nm resolution at room temperature. For record ing the polarised absorption spectra, UV neutral filters were used. The dye concentration in isotropic solutions was 10~5 Mol I-1.
The fluorescence spectra of the dye/LC systems were measured by means of a home-made fluorimeter in jz geometry, i.e. the exciting light beam was perpendicular to the cell surface and the emitted fluorescence light was registered perpendicular to the surface, from the same side of the cell. The wavelength of the exciting radiation corresponds to the absorption maxima of the dyes. The quantum fluorescence yield was determined on the basis of absorption and fluorescence spectra of the dyes in ethanol at a concentration of 1.10 Mol 1 . Rhoda mine 6G ( <P 0 = 0.88) was used as a standard [10] .
0932-0784 / 01 / 0300-0291 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com Commercial LC ZLI 1840 (Merck, Germany) was used as a host. It exhibits a stable nematic phase over a broad temperature range (-15° -f 90 °C) and high posi tive dielectric anisotropy [11] . The dyes were initially screened for solubility in LC and then dissolved in the medium at a concentration of 0.5 w/v %, which is suit able for the intended application [12] . The measure ments on the dyes in LC were carried out in "sandwich" cells of 20 jim thickness. Planar homogeneous molecu lar orientation of the dye/LC systems in the cells was achieved by coating the cell surfaces from inside with polyimide layers orientated by rubbing [13, 14] , Coloured thin films of polystyrene (0.5% dye) were prepared from a 10% solution of polystyrene in benzene with the dye dissolved there.
Results and Discussion

Influence of the Substituents at C-3 Position on the Dyes Absorption
The electron donor-acceptor interaction in the molecule of 3-substituted benzanthrone occurs between the elec tron acceptor carbonyl group and the electron donating groups at C-3 position of the chromophoric system [9] Scheme 1 The molecules are polarised in dependence on the elec tron donating power of the substituent R. Therefore their absorption properties are different.
The 3-substituted benzanthrone derivatives exhibit the following order of the energetic levels [15, 16] Tjcjt* < Sjtjt* < Tn;r* < Sn;r*.
In the absorption spectra of these compounds, the long wave band in the visible region has charge transfer, CT, character, due to n -* jt * electron transfer during the S0 -* ■ S j transition. The absorption and emission bands largely depend both on the electron donating power of the substituents at C-3 position and the nature of sol vents. The absorption properties of the dyes determined in a polar proton donating solvent (ethanol) and in a nonpolar solvent (benzene) are presented in Table 1 . The exchange of the polar solvent with the nonpolar one 
Fluorescence and other Optical Characteristics of the Dyes in Isotropic and Anisotropic Media
It is known that the substituents at C-3 position of the benzanthrone molecule have strong influence on all the basic photophysical characteristics [18, 19, 23] . This is established also here not only for the absorption maxi ma but also for the other characteristics of the dyes under study (Table 1 In the case of alkoxy and phenoxy substituted ben zanthrone dyes, the substituents have almost no influ ence on the fluorescence maxima.
The energy of the first excited state £ si of dyes 1-8 in ethanol (Table 1) 
where Av1/2 is the width of the absorption band (in cm-1) at 1/2 emax. T h e/v a lu es are highest for arylazomethine derivatives (dyes 2-5), showing the ten dency to increase with the higher molar absorption (Table 1) . For the potential use of the dyes in the "guest-host" LC displays it is of interest to evaluate the fluorescence properties of dyes 1-8 in LC matrix. In the case of dyes 1-5, however, one could observe on irradiation with UV-light only a faint fluorescence emission of orangered colour. In the case of dyes 6-8, bearing oxy groups, the emission is very intensive in the range 450-650 nm, where the maximum of fluorescence is observed at 502-504 nm (Table 2) .
It is known that some dyes, when oriented selective ly to absorb polarised light, exhibit dichroism [25] . Fig  ure 3 presents as an example the polarised absorption spectra of dye 3 in LC. From such spectra, the dichroic Wavelength, nm 
where XA is the absorption maximum, and Ay and A± are the corresponding absorbances in polarised light at par allel and perpendicular orientation of the polarizer with respect to the LC director, respectively. The data ob tained (Table 2) show that the dichroic ratios of the benzanthrone dyes under study are not proportional to the length to width ratio, 1Id, of the molecules and obvious ly depend not only on the linearity of the molecules but also on other factors. The calculation of 1Id values was made by using the bond lengths in the molecules includ ing the end groups [27] . It is evident that both substituent R and the flexibility of the C-N-C link at C-3 of the benzanthrone molecule influence the dichroic properties of dyes 1-8. Azomethine derivatives (dyes 2-5) show higher values of D(Aa ) than the oxy derivatives 6-8, suggesting better orientational order of their solutions in LC [28] . The azomethine fragment there is involved in a system of conjugated double bonds of the chromophoric system, in this way increasing its linearity, while the oxy substi tuents at C-3 of dyes 6-8 exhibit only their electron do nating power. In Table 2 , the respective values of the dichroic ratio determined from the fluorescence maxi ma, D(Af ), are also presented. The values are lower than those determined from the absorption maxima, D(Aa), which is probably due to the existence of non zero intra- Table 3 . Vibronic modes of substituted 3-benzanthrone dyes in the visible region (in cm-1). 
Media
Vibronic Transitions in Benzanthrone Dyes
The width of an absorption band in the electronic spectra of conjugated substances is mainly a result of both vibronic and intermolecular interactions.
The observed vibronic modes of all benzanthrone dyes studied in different media, ethanol, benzene, PS film and in LC cell, are determined from the dyes sec ond derivative spectra [31] and are presented in Table 3 . Vibronic transitions within the S0 -> S! transition are less excited in the polar proton donating ethanol. When comparing the vibronic structure of azomethine and oxy derivative dyes, it is seen that the oxy substituted ben zanthrone dyes (6-8) are characterised by a more pro nounced vibronic structure of the spectra, probably con nected with the greater rigidity of their molecules. This is also valid for the azomethine dye 2.
The vibronic structure is more pronounced in ben zene due to the lower solvent polarity and to the lack of hydrogen bond formation between dye and solvent. It is noteworthy that the vibronic structure of the dyes in benzene and PS film is similar, indicating that it de pends substantially on the polarity of the medium but not on its viscosity.
For the dyes oriented in LC, the vibronic structure of dyes 1-5 (especially of dye 1 and 4) is richer than that of the oxy derivatives 6-8. Obviously, the oriented state of LC prevents the possible conformational changes connected with a rotation of the azomethine fragment. Within the series of azomethine derivative dyes 2-5, dyes 2 and 3 have the less pronounced vibronic struc ture, probably due to molecular rigidity which in the case of dye 3 is due to the intramolecular H bond for mation (Scheme 2).
Concluding Remarks
The spectral properties of a number of recently syn thesised 3-benzanthrone derivatives bearing azomethine and oxy groups have been determined in isotropic and anisotropic (LC) media. The substituents at 3-C position of the benzanthrone molecule have strong influence on the spectral properties of the dyes under study, which confirms the prevailing role of the electron donor-acceptor interaction. The influence is stronger in case of azomethine substitutes (dyes 2-5), where the polariza tion is large, and smaller for the oxy derivatives with their lower polarization (dyes 6-8).
There is a well pronounced solvatochromic effect es tablished for dyes having groups capable to solute-solvent interaction (dyes 1,4 and 5). When such groups are not present (dyes 2, 6-8) or are screened (dye 3) or undergo transformation (dye 4), the effect is small.
The vibronic interactions of the dyes depend both on the nature of the substituents and the polarity of envi ronment in a complex way. The dye molecules are more stable in the excited state S! in the nonpolar media ben zene and polystyrene film and in the oriented state in the liquid crystal matrix.
The functional properties of the dyes for use in electro-optic displays can be resumed as follows. The dyes cover a wide colour interval, from yellow-green to redorange. The oxy substituted benzanthrone dyes are ex pected to enhance the image contrast of the displays be cause of their good fluorescence properties. The azome thine substituted dyes are also of interest because of their dichroic properties which suggest a better orientation or der of the dye/LC system in the display and a well de veloped vibronic structure supposing enhanced contrast.
